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Abstract
Background: A significant proportion of homeless people drink alcohol excessively and this can lead to
malnutrition and consequent medical problems. The aim of this review was to assess the evidence on the range of
nutritional deficiencies in the homeless problem-drinking populations.
Methods: We conducted a comprehensive search of nine scientific literature databases and 13 grey literature
sources. We included studies of any design that included homeless population with problem-drinking and reported
measures of nutritional deficiencies in urine or blood. Study selection and data extraction was done by one
reviewer and checked by another. Data on malnutrition profile were summarized narratively.
Results: We found nine studies reporting nutritional deficiencies in homeless populations with problem-drinking.
The oldest study was from the 1950s and the most recent from 2013. The following nutrients were reported across
studies: vitamins B1, B2, B6, B9, B12, C, A, and E; haemoglobin; and albumin. The most common deficiencies
reported were of vitamin B1 (prevalence of deficiency was 0, 2, 6, 45, and 51% in five studies) and vitamin C (29, 84,
and 95% in three studies). None of the studies were assessed to be at a low risk of bias.
Conclusions: The limited, low quality and relatively old evidence suggests that homeless people who drink heavily
may be deficient in vitamin C, thiamine, and other nutrients. New, well conducted studies are needed in order to
optimally inform public health interventions aimed at improving deficiencies in this population.
Trial Registration: PROSPERO CRD42015024247
Keywords: Homeless, Alcohol, Systematic review, Problem drinking, Malnutrition
Background
Nearly two thirds of homeless people in the UK drink
more alcohol than is recommended [1]. The impact of
homelessness on an individual, combined with the ef-
fects of excessive drinking can become a double blow on
nutritional health and lead to deficiencies [2] (Fig. 1).
These deficiencies contribute to neurological and other
organ damage and can lead to long-lasting medical
conditions [3].
Historically vitamin B1 (thiamine) deficiency has been
associated with homeless and problem-drinking popula-
tions and the observed neurological damage in these
groups is attributed to its deficiency. Parenteral thiamine
is therefore recommended for patients with suspected
chronic alcohol misuse who are admitted to accident
and emergency (A&E) departments to prevent
Wernicke’s encephalopathy [4]. However, to our know-
ledge no comprehensive collation of evidence on the
prevalence or severity of vitamin deficiencies in this
population has been done recently. Knowing the range
of the most common nutritional deficiencies can help
develop an intervention to counter these deficiencies
which can prevent illness in this high-risk group. In the
long term, this could save costs for the health system,
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especially in A&E attendances [5], as well as improve
the health and quality of life of the homeless and the
vulnerably housed people who consume alcohol exces-
sively. This systematic review of literature was under-
taken alongside a complementary systematic review of
effectiveness of interventions for improving or prevent-
ing malnutrition in this population [6]. The aim of this
review is to assess the evidence on prevalence and range
of nutritional deficiencies in the homeless problem-
drinking population. The findings of both reviews will
inform the development of an intervention for nutri-
tional deficiencies (e.g. supplements or fortified food
products).
Methods
Literature searches
A single, comprehensive search strategy was developed
and applied to multiple databases to find all relevant nu-
tritional literature on homeless problem drinkers. This
search strategy was used to identify studies, both for the
current review of prevalence of malnutrition and the
complementary review of intervention studies. The
search was published in the protocol [6] and is up to
date until 16th November 2016.
Study inclusion and exclusion criteria
We included studies of any design reporting nutrient levels
in the homeless problem-drinking population. We in-
cluded studies that fit the legal definition of homelessness
used in the UK, which includes the following: sleeping
rough (outside); residing in temporary accommodation
such as hostels, bed and breakfasts, or night shelters; stay-
ing on a temporary basis with family or friends (‘sofa
surfers’); currently housed people who are at risk of being
evicted; and currently housed people who cannot stay ei-
ther: because they cannot afford to stay, or the home is in
a very poor condition, or they are subject to violence, abuse
or threats in the home [7]. Studies with participants of
any age or gender were included as long as the ma-
jority of the population contained both problem-
drinkers and homeless.
To be eligible studies had to report urinary or blood
levels of any of the following nutrients: Vitamin A (Ret-
inol, retinal, beta carotene), B1 (thiamine); B2 (riboflavin);
B3 (niacin or nicotinic acid); B5 (pantothenic acid); B6
(pyridoxine, pyridoxal, pyridoxamine); B7 (biotin); B9
(folic acid), B12 (cobalamins), C (ascorbic acid), D (chole-
calciferol/D3, ergocalciferol/D2), E (tocopherols, tocotrie-
nols), K (phylloquinone, menaquinones), haemoglobin,
albumin, ferritin, or iron.
We excluded the following: position papers; edito-
rials; commentaries; studies where the participants
were either homed alcohol drinkers or homeless with-
out drinking problems; institutionalised people; stud-
ies where entire communities are homeless (e.g.
occupiers of slums or shanty towns, refugees or simi-
lar populations); people homeless due to mass dis-
placement (related to war, famine or natural disaster);
non-nutrient outcomes (e.g. weight or BMI, muscle or
fat mass); and studies of dietary intake (fruit/vegeta-
bles/fortified food/vitamins) as these are subject to re-
call bias and overlook the deficiency related to poor
Fig. 1 Nutritional deficiency mechanisms in Homeless problem-drinkers
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absorption or liver function – the consequences of
problem-drinking.
At the screening stage [6], two reviewers independ-
ently tagged studies that were potentially relevant to the
current and the intervention review. These tagged re-
cords were screened again by a third reviewer for rele-
vance. In addition, the third reviewer independently
screened the remaining untagged studies to ensure rele-
vant papers were not missed. References of included pri-
mary studies as well as identified systematic reviews
were searched to identify any additional studies. Identi-
fied relevant studies were assessed in full text for inclu-
sion by one reviewer and the decision checked by
another, with any disagreements resolved by a third
reviewer.
Data extraction strategy
Data extraction was carried out by one reviewer on a
pre-specified pro-forma in Microsoft Excel and checked
by another. Disagreements were resolved by discussion
with a third reviewer. Data were extracted for the follow-
ing: author, year of publication, report type, year(s) of
data collection, location of study, study design, aim,
population, sample size, proportion of problem-drinkers
and homeless in sample, ethnicity, gender, age, type of
homelessness (all/shelter/rough sleeper etc.), deficiency
measures and definitions reported in the study, method
used to measure deficiency level, deficiencies of vitamins
as reported (mean/SD; proportion deficient), and any
other deficiency measures/outcomes reported.
Risk of bias assessment
There is no single widely accepted risk of bias tool
for cross sectional or survey type studies of preva-
lence. We therefore considered the previous work in
this area [8–11] and adopted some of the key criteria
described in these studies. All these assessed three
key areas of potential bias in prevalence studies: a
representative and appropriately recruited sample, a
valid and reliable measurement of the condition
under study, and whether the analysis was adjusted
for important covariates. We considered the following
factors to be important confounding factors: age, sex,
duration of homelessness/alcohol problems, and
assessed these three areas of bias in our included
studies. The overall risk of bias for a study was con-
sidered ‘low’ when the following three conditions
were met: (i) all criteria related to the representative-
ness of study sample were judged to be at low risk of
bias; (ii) at least 2 criteria related to measurement of
deficiencies were judged to be at low risk; and (iii)
the analysis was adjusted for important confounders.
Data synthesis and presentation
Data were tabulated for each nutrient. The included
studies were very heterogeneous with respect to their
population and time period so it was not considered ap-
propriate to conduct formal meta-analyses and produce
quantitative summary estimates of deficiencies across
studies. Instead, we carried out a narrative synthesis. We
did however produce forest plots without summary esti-
mates to aid the presentation of the results (See Add-
itional files 1 and 2).
Results
The search identified 6017 references. Of these 190 were
initially tagged as potentially relevant for the current re-
view and 19 further records were identified through
rescreening. A total of 209 references were identified for
full paper assessment. Of these, 14 papers (referring to
nine studies) were included and 195 papers were ex-
cluded (Fig. 2). The online supplement contains the list
of all excluded studies (Additional file 1).
Six of the included studies (reported in 11 papers)
were surveys [12–22], two were case reports [23, 24],
and one was an intervention study [16].
Most studies were small. The median number of par-
ticipants included in studies was 39 (IQR 8–71). The
total number of participants included in this review is
621. Three studies [17, 22, 24] included ethnic Black
participants while others provided no information on
ethnicity. In the four studies that included women, they
comprised a small proportion of the sample (between 6
and 13%). Age of the participants was more or less the
same across the studies, ranging from 19 to 76 years
with an average of 46 years (IQR 43.25–48.75). Partici-
pants recruited were either from the streets (rough
sleepers) [17, 18, 21, 23, 24], or from shelters and clinics
[13, 16, 18, 22]. When reported, [18, 21], the duration of
homelessness varied greatly, ranging between one month
to 55 years among the participants. Table 1 displays key
characteristics of included studies.
Risk of bias in included studies
None of the included studies were at low risk of bias
(Fig. 3). The risk of bias related to the representativeness
of the sample was high in all but one study. The vitamin
levels in the blood were usually assessed using valid and
reliable methods across study participants. However, for
most studies the analysis did not adjust for important
covariates (age, sex, duration of homelessness/alcohol
problems).
Data synthesis
Deficiencies reported
The most commonly reported data were vitamin B1
levels (6 studies [13, 16, 17, 19, 21, 22] followed by B6,
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and B12 (5 studies [13, 16, 19, 21, 22]). Vitamin C, B9,
and haemoglobin levels were reported in three studies,
while vitamin A, B2, and E levels were reported in a sin-
gle study each.. Vitamins B3, B5, B7, D, and K levels
were not reported in any included studies.
The measurement methods were variable across stud-
ies. This probably reflects the advancement of laboratory
techniques for assessment of nutrients over the past sev-
eral decades. For example, the oldest study measured
fasting excretion level in urine for the vitamins B1 and
B2 and found that none of the participants were defi-
cient in thiamine. In three later studies, vitamin B1 defi-
ciency was measured using various measures in blood:
the thiamine pyrophosphate (TTP) effect [13], the
erythrocyte thiamine level [22], and the thiamine diphos-
phate (TDP) effect [16] and transketolase activity (TK
activity) [13] and these studies used varied techniques
and instruments for these measurements (Table 2).
The definitions or thresholds for deficiencies also var-
ied. For example, for thiamine the following five defini-
tions were used across studies: (i) excretion of less than
0.6 microgram/hr thiamine; (ii) thiamine pyrophosphate
(TPP) effect for thiamine deficiency in range of 15 to 44
where 0–14 is adequate; (iii) thiamine diphosphate
(TDP)-effect for thiamine deficiency where reference
range is 0–25%; (iv) reference range from 59 to
213 mmol/l; and (v) reference range from 50 to 106
microgram/litre. All the studies reported deficiencies as
average (mean/median) levels for groups, with or with-
out measures of spread (SD, IQR). Six studies also re-
ported the proportion of people found deficient based
on reference values for the general population.
Evidence on deficiencies- Prevalence and severity
The range of mean circulating vitamin levels observed
across the included studies is presented in Table 3. No
clear pattern of nutrient deficiency was observed across
the studies for any of the vitamins. The mean levels of
vitamins varied widely across the studies. For studies
which reported data on the proportion of participants
below deficiency thresholds, the most common defi-
ciency was of vitamin C. All three studies that measured
this factor found a significant proportion (29, 84, and
95%) of participants were deficient. The other common
deficiency was for vitamin B1, with two studies from the
1980s reporting nearly half of the studied population to
Fig. 2 PRISMA flow diagram for review process
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be deficient. However, the two more recent studies
[19, 21] found just 2% and 6% were deficient, respect-
ively. For vitamins B2, B6, B9, B12 and vitamin E the
prevalence of deficiencies was low (0 to 23%). In the
single study assessing vitamin A 44% of the partici-
pants were found to be deficient [21].
Kertesz 2001 [24] reported two cases of clinically diag-
nosed pellagra but did not measure niacin (B3) levels.
Both patients had avoided meals and shelter for several
months and relied largely on alcohol for sustenance and
both recovered with food and niacin supplements. The
single case in Fung 2005 had also lived on several litres
of wine a day for a year. Vitamin status was not checked
in this person but the patient was found to be anaemic.
The proportion with anaemia was reported in one other
study [17]. Mean haemoglobin levels were reported in
three other studies, all within normal range, with only
one study reporting data separately for women and men
[18]. Hypoalbuminemia (deficient serum albumin) was
reported in three studies with the proportion ranging
from 0 to 26%.
We did not observe any obvious differences in nutri-
tional deficiencies between different subgroups, e.g. in
rough sleepers vs hostel dwellers. Similarly, since only
single studies were identified from most locations, no
clear difference was seen by country. We also presented
graphically the prevalence of deficiencies for all vitamins,
as reported in individual studies, to illustrate variation
across populations and time (See Additional file 2).
Discussion
Summary of findings
We found that nutritional deficiencies have been
observed to a variable extent in the homeless problem-
drinking populations. Traditionally, vitamin B1 defi-
ciency has been associated with this population and this
is consistent with the findings of the two studies from
the 1980s. However, in more recent years vitamin C defi-
ciency appears to be more common [13, 19, 21]. The
evidence however is of low quality, heterogeneous, and
based on few studies, with only one [19] from this dec-
ade. This precludes effective use of these data to inform
current clinical or public health practice. In addition, no
studies measured vitamins B3, B5, B7, D, and K. Consid-
ering the evidence on global vitamin D deficiency [25]
and its recommended supplementation [26] it is possible
that the need for its supplementation also exists in
homeless drinkers. The single study measuring vitamin
A and E found a significant minority of the participants
below reference levels [21].
Comparison with previous work
To our knowledge this is the first systematic review that
evaluated deficiencies in this specific population. Our
search was not limited by date or language allowing a
comprehensive assessment of research across time and
locations. Additionally, an extensive grey literature
search ensured that we captured all relevant research
pertaining to this population.
Fig. 3 Risk of bias across included studies
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One previous systematic review [27] reported on
the nutrition profile of the adult homeless in Paris.
This review, based on a single study [21], found vita-
min C to be an important deficiency for the home-
less, in line with our findings. The majority of
traditional reviews on alcohol-related nutrient defi-
ciencies considered problem-drinking in the general
population alone, and not in the homeless subgroup.
All of these recommended further studies with better
assessment of deficiencies [28–32]. Two reviews that
have addressed the homeless subgroup of problem
drinkers [2, 33] also concluded that better assessment
of their nutritional status was needed.
Limitations
The full range and severity of deficiencies may differ
from those we found. This is partly because diets have
changed over time in the general population [34, 35]
and homeless heavy drinkers today are probably eating
differently from those in the previous century. Also, the
studies almost always included a convenient, rather than
representative sample. Thus the proportion of homeless
with a deficiency may be significantly higher (or lower)
than that seen in the included studies.
The studies were few and varied. None of the in-
cluded studies were at low risk of bias. The study
with least risk of bias was the most recent study,
from South Korea [19]. It is also important to con-
sider applicability (external validity) of study findings
to policy makers’ circumstances. For example, given
that dietary habits and levels of alcohol consumption
in homeless populations in South Korea are likely to
be different to those in Europe or North America,
this study is unlikely to provide information relevant
to European policy makers, and vice versa. There are
variations in diets from one part of the world to an-
other as well as changes in diets over time [36, 37].
Similar to diet variation across time and region, forti-
fication practices have varied within and across re-
gions in the past [38, 39]. While most participants in
individual studies were from hostels or shelters, these
may not represent the majority who do not access
these services [40] and there were few studies which
included rough sleepers. All these factors resulted in
relatively sparse and unreliable evidence being avail-
able for interpretation and our findings are limited
by this.
Furthermore, the measurement of vitamin deficien-
cies has apparently also evolved over time and the
reference ranges vary with methods and techniques
used, and across populations [41–44]. It was there-
fore difficult to interpret (and inappropriate to pool)
data across studies. This field may benefit from an
international initiative to reach expert consensus on
standardized definitions and thresholds for nutritional
deficiencies. This could lead to future studies that
are more informative to policy makers. Similar initia-
tives to develop core outcome sets for clinical trials
have led to subsequent trials assessing comparable
and relevant outcomes and thus contributing more
meaningfully to the overall body of evidence in their
fields [45, 46].
The complications of nutritional deficiencies in
homeless problem-drinkers can be avoided if deficien-
cies are addressed early. A practical intervention
would be a fortified food or supplement distributed
to the homeless heavy drinkers. Such an intervention
would work best when tailored to specific deficiencies
in the target group. Provision of vitamin rich packets
of chocolate paste has been found acceptable to
rough sleepers in Paris [47] but there was no assess-
ment of any resulting change in nutritional status.
However, the included Darnton-Hill study [13]
showed that providing supplements can change defi-
ciency levels in this population.
Until a tailored nutritional or other relevant intervention
can be developed to provide a long term solution, existing
evidence can be used to improve the short term outcomes
relevant to a healthcare system and society and to the
homeless drinkers who suffer from deficiencies. Provision
of vitamin supplements may prove useful [13, 48]. Fortifi-
cation of beer [22, 49–51] although tempting, constitutes
an ethical dilemma of turning a ‘bad product’ in to a ‘super
food’ [52]. The idea is however not very different from nee-
dle exchange programs – the final aim being the preven-
tion of disease when the risky behaviour cannot always be
stopped [53, 54].
The available evidence is not sufficient to inform the
development of a public health intervention for home-
less drinkers. For example, the findings do not tell us
which nutrients are lacking (and should be targeted) nor
to what extent these deficiencies exist in the homeless
heavy drinkers in specific countries today. A carefully
designed study including a representative population in
a specific country would be more useful to inform the
development of such an intervention. The available data
from the included studies did not allow us to draw con-
clusions on the importance of social factors (such as
poverty, mental health, or family breakdown) but we ac-
knowledge that addressing these issues could be part of
the solution.
A representative sample is essential when studying
prevalence. Homeless people are not easy to reach how-
ever, [55] so it may be practical to carry out a registry-
study of recent hospital/clinic records of the attending
homeless problem-drinking patients. Such an analysis
would be more representative than a small convenient
sample.
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Conclusions
In summary, the limited, low quality, and relatively old
evidence suggests that homeless problem-drinkers may
be deficient in vitamin C, thiamine, and other nutrients
to varying levels. However, this is not a complete picture.
Further well conducted studies are needed to inform
public health interventions to improve deficiencies. But
any future studies will be more useful if they are in-
formed by expert consensus on definitions and thresh-
olds for nutritional deficiencies, leading to comparable
outcome measures across studies. Studies carried out in
one country or community may not necessarily be suit-
able for informing public health policy in a different set-
ting due to the differences in access to food, shelter and
services, levels of alcohol consumption or local food for-
tification practices.
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